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parallel 35O. The eastward 11 is a miixiinum in the neighbor- 
hood of latitude 60”, U = 30°, but vanishes a t  the poles. This 
is exactly contrary to Ferrel’s result, which made tlie velocitg 
17 a masimum a t  the pole, before tlie assumed modification by 
friction was appliecl. Oberbecli iiiakes the westward drift a 
masimum a t  the plane of the equator, which is certainly not 
in conformity with the observations. He also makes the west- 
ward velocity incrense a t  the equator from the surface to the 
upper boundary, and show no sign of a reversal from westward 
to eastward a t  a moderate elevation. as is generally believed 
to be the fact, judging from certain well known niotions of the 
air observed in the Tropics. 

Tlie United States Weather Bureau has been conducting R 
series of nephoscope observations in the West Inclies for thE 
past three years, and it is hoped that. tlie discussion of these 
observations, soon to be undertaken, will give us some defi- 
nite information on this important point. 

The second term i12 modifies, I.,. bat tlie two combined, ‘13  = i ’ ,  + P~. sustain the conclusions just mentioned. This feature 01 
Oberbeck’s solution is so far from conforming to the observed 
iuotions of the atinosphere that! it seems to me to be inferior 
in value to Ferrel’s for the Tropics. Ferrel’s arch over trlie 
Tropics, shown in fig. 14. is probably a fact, and if this is so, 
then the only serious modification required in Ferrel’s treat- 
inent is to show how the escessive eastward drift in the mid- 
latitude aiicl polar zones can be effectively checked It is evi- 
dent that there luust be a large amount of energy available 
for use in the construction of local cyclones and anticyclones, 
ancl that there is, therefore, no pressing need to refer tlie 
energy of these motions to any local supply of heat, as is clone 
by those who extend to cyclones the theory of the latent heat 
of condensation from precipitation originally devised by Espy 
to explain cumulus clouds and thunclerstornis. The compo- 
nents M Y  and q. Table 17, show that there is ltn ascending 
current in the Tropics, and a descending current in the higher 
latitucles. Thus. as the result of the theoretical cliscussion in 
general, the canttl theory has several’ of its fent.ures verified, 
and yet there are serious discrepancies inherent in both Fer- 
rel’s and Oberbeck’s solutions. 

My statement has suggested by implication that there esists 
an important principle which lias been neglected by these me- 
teorologists. They have each discussed the general and tshe 
local cyclones as if they were in a sense ~ ~ / d q J C ? t # ( k w ~  (f om: an- 
dhw, since separate sources of heat energy are assigned to 
each, ancl two characteristic laws of circulation are deduced 
therefrom. It is much more natural to suppose that these two 
systems are niutnally interdependent, and that the exc.ess of 
energy of the general cyclone is transformed into the driring 
forces of the local circulation; also. that the acquired niobion 
cif the local cyclone reacts upon and retsrcls tlie escess of mo- 
tion of the general cyclone in the temperate zones. Tlie sub- 
ject becomes, however, exc.essivelp complex. and I can only 
attempt to sketch in general terms in niy nest paper an out- 
line of this view, hoping some other tiiue to be able to supple- 
ment it with a more suitalde mathematical analysis, when the 
study of the observations now in hand has been aclvanced more 
nearly to completion. --- .- 

REVISION OF WOLF’S SUN-SPOT RELATIVE-NUMBERS. 
Uy Prof. A. WI.IY.~I.:I<, Zurich, d:ltd M:lrch 2!1, 1‘3-12. 

The nest number (XCIII) of the Astrononiische Mittheilun- 
gen will contain LL new edition of Wolf’s table of relrbtive n ~ n -  
bers, in which not only will some iunccuracies of the enKlier 
tal>les-1)artlg errors of computation, partly typographical 
errors-be expiinged, but those older observations that have 
come to light since the tables were colnpiled, but have not get 
been worked up, will Le used in tlie revision. For the lliost 
part these new observations were macle at  Hremsmunster 

during the years 1803-1830 and have furnished a very valu- 
able addition to the record of sun spots. I now send you a 
copy of this corrected ancl completed series (Table l), en- 
titled ‘< Observed sun-spot relative-numbers. ” This table, 
extending from 1749-1001, replaces that published by Wolf in 
lXS0 in No. L of the Astrononiische Mittheilungen, as well as 
tlie various copies wliicli afterwards appeared in the Meteoro- 
logixche Zeitschrift and in the Meniorie della Societi degli 
Spettroscopisti Italiani. [It also replaces the table on pages 

tains no error, and is now to be regarded as definitive so long 
as tlie complete new reduction of the whole amount of obser- 
vational inaterial is not esecuted, for which the preliminary 
work is now going on; this will, however, apparently require 
five or sis years more.’ 

Those niimbers in the above-mentioned table that are entered 
in heavy-faced type depend wholly on actual observations; those 
in light-faced type depend in great part upon actiial observa- 
tions, yet also have in part been obtained by means of graphic 
interpolations between the clays of aiig month that contained 
observations with considerable gaps between them; the inter- 
polated nizmbers were combined with the observed numbers 
in the computation of tlie monthly means. Only a very few 
monthly iiieans, in tlie eighteenth centur.y, depend entirely 
upon interpolations; by far the larger number are based upon 
actual observations. But every monthly mean in which even 
R single interpolated number has been used is shown by light- 
faced type; in this respect the distinction may have been too 
rigorous rather than indulgent, and the light-faced type are, 
therefore, in no sense to be regarded as an inclication of the 
unreliability of the corresponding numbers. 

I have thought that it would perhaps be agreeable to you 
R ~ R O  to possess new editions of the two other tables that arc 
based upon the preceding, namely, tho table of “Smoothecl 
relative niiinhers” and that of the ‘ r E p o ~ h s  of mnsiiiin and 
miniilia,” which are directly decluced from the preceding. I n  
No. SIX of his Astronoaiisc?he Mittheilungen Wolf has pub- 
lished tlie smoothed numbers up to 1x76, inclusive, and repro- 
ductions of these are found in various periodicals and other 
publications. But there are some errors of computation in 
this table. and numerous typographical errors occur in the 
reprodnc tions. 

The smoothed relative numbers of Table 2 present the mean 
Course of the spot phenomena; that is to say, without the nu- 
meroils secoiiclary short-periodical variations that really occur 
in addition to the 11-year variation. Investigations into the 
general course of the phenoiuena and the periods of a higher 
d e r  slioulcl, therefore, be based upon these smoothed numbers 
a n d  not on those observed. The aiethocl of forniat-ion of these 
uunibers has been explained by Wolf. in No. SLII of his As- 
tronomische Mittlieilungen. The nienn of every twelve con- 
3ecutive observed inonthly relatsive numbers is taken, and every 
pair of two consecutive inemis is again united into one menu 
value according to tlie following scheme : 
1/19 (I + I1 + I11 . . . . . . . + SII) = ul,  for epoch July 1. 
1/12 (I1 + I11 + Tv. . . . . . + SI1 + I) = t i y ,  for epoch August 1. 

This method of snioothing is conformable to that which 
Wolf lias used for eliminating the annual period of the valia- 
;ions of magnetic declination when comparing the latter with 
;he solar spots. This consideration was not necessary for the 
:elative numbers but the coml>ination of twelve inonths into 
me mean has been aclopted in order to secure a uniforni method 
if treating both phenomena. Talde 8, which contains these 

A s  Professor W’olfer‘s revision furnishes 11s wit.11 siiii-~pot iiulnbers 
h t  relila,ce all prevkm piihlii~*;tt.ims the Editor has r~p~vi.ltiited thein ill 
p q d i i c t  f w w  im figs. S iiiitl 3. In thest. figirres the light line represents 
,lit. ci1,aerrei.l iiuiiibers vf Table 1, the heavy line the smoothed nuiiibers 

505-506, MONTHLY TT’EATHER REVIEW, November 1901. ] It con- 

1/S ( + 1 2 , )  = r, which is the siuootlied number for mid-July. 

>f Talde %-ED. 
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smoothed idues, has been newly computed from beginning to 
end and is entirely free from error. 

The epochs of masimum and minimum, as deduced from the 
new Table 2, are given in Talile 3; they clifler from those pub- 
lished by Wolf (No. LVI of his Mittheilungen) only in respect 
to the maximum of 1805, which, by reason of the newly added 
observations a t  Iiremmniinster. is changed from 1804.2 to 
1805.2. On the other hand, in the later reproductions of Wolf’s 
table there are some typographical errors ere11 in that which 
Wolf himself published in the yew 1890, in the first roluuie of 
his Handbook of Astronomy. The present Table 3 is for the 
moment to be considered as definitive and free from error. I 
have attributed definite weights to the inclivitlual epochs, in 
order to indicate to those who niake use of them some idea as 
to their reliability. The epochs since 1843, namely, since 
Schwabe’s observations began, all receive the weight 10; for 
epochs preceding these I have again carefully checked the ob- 
servational inaterial on which they are based and compared 
them as to conipleteness aucl miiformity, and I believe that the 
estimate of relat.ive reliability of t,lie individual epochs which I 
have attained is not far from the t ru th  With the epochs and 
weights of Table 3. I have also newly computed the mean lengt,h 
of the 11-year period nncl the norinal epochs of madmum and 
minimum; and find the values giren in Table 3; these differ 
only very slightly froni Professor Newcomb’s results,’ although 
the epochs used by him differ partly from the new ones, being 
older values such as Wolf had published in 1872, but had 
afterwards changed. 

As concerns the 35-year periocl discovered by Dr. Lockyer, 
it is quite certain that the interval between each miniilium 
and the following masinium, or the so-called duration of in- 
crease, as well as the duration of decrease of the sun-spot 
curve, shows variations in the different periods that are not 
ttccidentnl and that most prolxhly have a periodic character. 
But I do not believe that the material used by Dr. Lockyer 
is sufficient to give the length of the greater period with any 
certainty, because the whole int,erval of time that Dr. Lockyer 
takes into consideration covered only one and a half of these 
greater periods of thirtyfive years each. As soon as I received 
the memoir of Dr. Lockyer I a t  once investigated whether the 
existence of this suspected peiiod could be traced bac.kwrtrd. 
This attempt was thoroughly justified, because, a t  least since 
1750. the epochs of masimim and minimum are relatively well 
ascertained ancl are mnch inore reliable than Dr. Lockyer seems 
inclined to allow. With the esception of the years 1784 and 
1788, which have the weight of 4 ascribed to them in Table 3, 
there is no other epoch whose uncertainty amounts to one- 
half year. I n  Table 4 you will find the result to which I at  
that time arrived; colmiin a contains the interval of time 
elapsing between a niiniuuin and the following nmsimuiii; 
these are therefore the niuubers which, according to Dr. Lock- 
yer, should follow a 35-year period; these are displayed graphi- 
cally in curve I, fig. 1, and leare no clonbt as to their vaiiability; 
in fact, this variability seems to be miicli stronger than Dr. 
Lockyer found from the peri~cls used l ~ y  him. Apparently, 
they vary to itnd fro. but a constant period can not be found 
therein. The great variation between 1780 and 1835 w-oulcl 
in fact rather point to the period of fifty-five years, which was 
previously suspectecl by Wolf. and would in no case malie a 
35-year period probalile. 

Dr. Hal111 of Eilinburg’ has also drawn att,ention to the varia- 
bility of t,he interval between minima and masima, and in fact 
this variability is still more plainly brought out by the method 
of treatment adopted by him, in that he takes account of 
the ratio of the ascending to the descending part of the 11- 
year tqiot period, insteacl of considering the absolute duration 
bf the ascencling portion. as ~ r .  ~ o c k y e r  has clone.  he ac- 

-- -- 
2 Astrophysical Joiirml, SIII, No. 1. 
3 Astrouomische Nauhrichten No. 3743. 

companying Table 4 contains, the interrid of time, b, between 
the masimum ancl the following minimum, as also the ratio 
z / b ;  the latter is also shown graphically in curve 11, fig. 1 
l’he variability of the ratio a / b  is very striking, and shows in 
general the same course as in curve I, but there is no in- 
Iication of a regular recui.ring period, and especially one of 
thirty-fire yeai-s. 

FIG. 1. 

Only one result which Dr. Lockyer has brought out is cer- 
;ah,  and one which was also demonstrated by Dr. Halm, both 
'rain the observed facts and as a consequence of his new theory 
If the periodicity of the solar phenomena: namely, that the 
ust-mentioned variations of a and of the ratio a / h  proceed par- 
illel with the intensity of the development of the spots through 
?ach 11-year period in that a inasimum f o l l o ~ s  a niinimum 
picker in proportion as the innsirnuin is higher. or as Dr. 
3alm expresses i t “  in the individual qiot periods the maxi- 
num occurs earlier in proportion as the development of the 
;pots is inore rapid. ’ ’ Dr. Halm has compared the ratio n /  h 
vith the absolute altitude of the individal niasinis. as espressed 
iy Wolf’s relative numbers; on the other hand. Dr. Lockyer 
mses his position on the total sum of the spotted area for each 
ndividual period. We attain to the ~niiie results if, for com- 
iitrison, we use the mean annual relative number for a single 
11-year period, iimiiely, the suin total of the aunuel relative 
lumbers for the whole 1)eriocl divided by the length of the 

V r  

ieriod, therefore, I’,,,,,, = 5-. The curves I11 and IT, fig. 1, Y 
?resent the ralnes of T,,,,,,. ancl I-,”,,,,,. As we see, the agree- 
uent with Iancl I1 is quite remiirkable. That the interval be- 
;ween minima ancl niaxinia depends intinintelg upon the intensity 
)f development of the spots during that period would seem 
herefore to be quite certain, according to Lockyer’s and Halm’s 
nvestigat,ions; both these quantities are sullject to variations 
)f an apparently perioclic character; but it seems to me that the 
naterial actually available does not indicate a somewhat regu- 
ar perioclicity ; and that the continued esistence of a 35-year 
?eriod is not yet clenionstrated. 

‘ 
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TABLE 1.- Obaerued mw3pot relative tbwnbe,s. 
Reviaiou of March, 1902, b y  Prof. A. Wolfer. 

87.6 90.3 
88.0 98.9 
77.8 101.0 
64.6 43.6 
66.7 66.4 
47.1 66.3 
39.3 39.6 
38.4 24.6 
0.7 9.: 

16.8 36.6 
69.3 62.7 
14.9 169. 4 
26.3 143.2 
BO. 1 88.4 
07.0 99.3 
64.2 46. 4 
22.2 33.8 

8.7 11.7 
6.0 7.8 
0. 6 0. 0 

27.6 19.6 
63.2 61.6 
69.3 67.6 
46.9 48. 8 
86.9 86.8 
71.8 49.8 
56. 9 67.3 

7.1 7.8 
8.6 7.0 
0.6 5 .1  

22. B 10.4 
76.6 49.9 
73.0 I 66.7 
84.6 62.3 
87.2 61. 0 
57.4 62.0 
29.4 29.1 
16.4 38.3 
9.2 18.1 

13.6 8. 6 
2.4 4 . 6 1  

15. o 3 i . a  

13. a 4. 2 

TABLE I.-OhtwWd 8wn-ap08 rektive 4 k W l l k b W 8 - & ~ t h l u e d .  

85.1 
71.4 
98.5 
63.1 
40.6 
36.8 
29.4 
17.6 
6.1 

36.6 
41.0 
160.0 
162.4 
.02.1 
76.2 
32.0 
29.1 

16.8 
0.1 
6.3 

19.3 
61.7 
96. 8 
83.1 
76.1 
56.0 
43.7 

6.1 
4.3 
1.6 

20.6 
69.6 
88.1 
81.6 
76.9 
43.8 
31.0 
14.6 
14.2 
16. 0 
0.0 

2.3 

6.9 

- 

- .- 
k 

t -- 
66.4 
47. f 
26. 4 

46.9 
40.0 

6.3 
6.0 

16. 0 
44.6 
87.1 

108.6 
87. 8 
84.0 
40.8 
67.8 
33.6 
16.6 
1.6 

31.1 
108.4 
136.6 
91.7 

109.9 
44.8 
38.2 
23.9 
1.6 

13.4 
6.4 
4.8 

34.1 
60.6 
46.2 
76.6 
61.2 
83.7 
27.1 
16.7 
7.1 
6.4 
1.3 

48.3 
76.3 
88.2 
98.9 
71.6 
49.0 

22.3 
20.6 
12.1 
6.8 

81.1 

11.3 

- 

2 
;I 

64. ! 
34. I 
24. I 
9. I 
0. 1 

29. I 
41.1 
91. I 
,07. I 
66. I 
64.4 
63.8 
40.6 
34.6 
12.5 
2. ! 

26.1 
04.0 
76.0 
46.6 
07.6 
47.9 
44.6 
11.6 
6.1 

21. 2 
6 .8 
2.4 

23.6 
43.6 
64.1 
32.1 
56.6 
73.0 
10.7 
zo. 0 
7. 0 
a. 4 
4.8 

11.1 
79.6 
34.7 
11. 2 
37.6 w. 7 
10.0 
16.8 
7.7 
L6. 2 
LO. 2 

- 

42.0 39.7 
46.9 60.4 

0.4 3.1 
4.6 6.9 

22.2 16.5 
66.7 66.3 
96.2 106.8 

116.7 100.3 
78. 0 82.6 
73.4 62.6 
32.7 49.1 
64.7 64.8 
26.8 37.8 
9.3 12.7 
6.0 4.9 

28.6 34.4 
68.B 79.6 

132.4 163.8 
103.0 110.0 
105.6 92.9 

66.9 68.2 
67.8 61.3 
l a .  6 14.6 
16.2 8.8 
6.9 6.3 
0.1 0.0 
7.6 10.7 

81.9 48.1 
76.9 68.0 
46.4 40.4 
80.6 46.0 
63.1 66.8 
66.6 60.0 
30.3 16.9 
23.3 21.4 
3.1 2.8 
9.7 20.6 

11.6 8.6 
68.8 33. 
76.8 101.4 
88.8 129.2 

1106.0 70.3 
47.8 68.9 
45. 0 27.8 

9.0 31.4 
13.6 2.9 
8.3 4.3 
0.7 1.0 

18.7 16.1 

81.6 21.8 

- 

2 
B 
El 

d 

37. I 
33. t 

0. I 
4.4 

42.4 
80. I 
,06. f 

79.5 
66. f 
22. c 

7.3 
9. 8 

43.8 
80.6 
36.0 
80.3 
14.6 
47.6 
28.0 

9.9 
16.4 
6.3 
6.1 

66.0 

57.7 

61.9 
19.6 
11.4 
7.4 
8.8 
6.6 

17.2 
i3.8 
12.8 
17.9 
16.9 
i7. 7 
31.3 
18.1 
14. 8 
8.4 
8.3 
0.6 

z 
-_ 

as. 4 

ga. 2 

as. 5 ai. 4 

a. 4 

53. a 
58.6 

- 

14.53 ... 
1x53 ... 
18:5&... 

~ 

*' 

2 c 
8 - 

67.3 
42.3 
12.7 
9.7 
4.6 

40.6 
91.2 

114.6 
90.1 
67.2 

39.9 
33.9 
17.1 
14.1 
13.6 
61.7 
69.4 

146.4 
89.0 

103.6 
47.4 
34.3 
12.7 
14.3 
6.7 
1.1 

12.3 
43.0 
64.0 
69.2 
83.8 
47.8 
38.7 
8.6 
6.6 
2 .1  
2 .1  

11.2 
61.6 
70.6 
79.7 
76.6 
67.9 
28.4 
14.3 
34.4 
13.0 
12.9 

3.7 

48. o 

~ 

68.1 
41.1 
15.1 

- 
*' 

5 

A 

64.3 
88.8 
88.2 

7.7 
31.4 
61. D 
97.8 
97.9 
63.7 
60.6 
37.7 
67.6 

9.0 
9.3 

69.1 
77.4 
,47.6 
,05.4 
,sa. 0 
66.4 
28.9 
17.7 

9.9 
14.6 
4 .1  

12.8 
30.7 
64.8 
84.4 
84. 6 
36.6 
33.3 
0.3 
6.9 

10.7 

9.6 
41.9 
65.4 
76.1 
66.6 

38.0 
8.4 

30.9 
7.8 
4.6 
3.8 

p" 

g 
- 

4.a 

a4 6 

0. a 

47. a 

- 

67.6 
42.9 
20.0 
11.4 
4.9 
7.4 

34.8 

- 
2 
c" 

& 

83.4 

7. a 
37. a 

b 
- 
46.1 

21.4 
3 .1  

66.9 a. 0 
96.6 
80.6 

41.2 
28.6 
12.8 
1 .6  

67.6 
104.3 
130.0 
90.3 
83.8 

29.3 
8.9 
8. 2 
8.3 
0.6 
7.8 

29.6 
47.3 
41.8 
76.9 
47.2 
21.7 

20.7 
6.7 
6.7 
7.8 

78.6 
93.8 
60.0 
70.7 
42.6 
33.3 
12.6 
10.6 
0.3 
0. 0 

40. e 

85. a 

49. a 

l a .  4 

32. a 

- 

61. a 
37.7 
20.7 
17.4 

0.4 
6. 2 

67.6 

- 

j 
z 

39.0 

6.7 
4.3 

64.8 
93.8 
96.7 
77.8 
68.1 
44.0 
47.0 

16.3 
7.3 

37.3 
73.9 

139.1 
111.8 
101.7 
66.3 
44.7 
17.1 
11.3 
12.3 

3.4 
6.0 

32.3 
64.3 
69.7 
63.7 
63.6 
62.2 
86.4 
13.1 
6.8 

. 6.3 
7 .1  

36.6 
73.0 
84.9 
78.0 
64.0 
41.8 
26.8 
a6.7 
12.1 
9.6 
2.7 

- 

64. a 
ao. 6 

aa. 8 

30.5 

- 

- 

1749 ... 
1750 .. 
1751 .. 
1762. .. 
1753 . . 
1754 .. . 
17.55 .. . 
1756.. . 
1757 ... 
1758 .. . 
l is9 ... 
l iG0 ... 
1761 .. . 
1562 .. . 
l i U  .. 
1561. .. 
1765... 
1761; . . . 
liw...  
li69... 
1770 . . 
17il .. . 
1772 . . . 
1773 ... 
17i4.. . 
1775 .. . 
1771; . . . 
1777.. . 
17iR.. . 
17i9.. 
1780 .. . 
l i s1  ... 
lis2 ... 
17M ... 
1784 .. . 
l is5 ... 
1i86 . . . 
1587 . . . 
1 m  . . . 
1791 .. . 
17M ... 
15% .. . 
1794 ... 
1795.. . 
1796 .. . 
l is7 ... 
15% .. . 
1799 .. . 
I W  ... 
lSU1 .. . 
lFO? .. . 
1803... 
1804... 
1815 .. . 
lLSM .. . 
1Wi ... 
l M M  .. . 
I R r n  ... 
1810 .. . 
1811 ... 
1812 ... 
1813 ... 
1514 .. . 
1x1s .. . 
1816 .. . 
1x17 .. . 
181s .. . 
1 8 1 ~  .. . 
1 s a  ... 
1~ ... 
Is22 ... 
1823 .. . 
W 5  .. . 
1 M  . . . 
Wi .. . 
lW8 .. . 
l e 9  .. . 
1 ~ ~ 1  . . . 
1 W  .. . 
lW .. . 
1RP .. . 
1834 .. . 
1.W .. . 
181 ... 
1%?7 . . . 
IS8 . . 
3 8 9 . .  . 
1810. .. 
1x41 ... 
lM2 ... 
1843 ... 
1814... 
1815... 
1R4li . . . 
184i ... 
1.WR . . 
1.Wn . . . 
IXW.. . 
1851.. . 

1767 ... 

1788 . . . 
1 i ~  . . . 

1~2.1.. . 

58.1 
. 73.: . 70.1 
3.1 . 44. 1 

0.1 10.. 
12.! 
14.. 
37.! 
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6.2 
4.4 
0. 0 
0. 0 

16.7 
18.9 
49.6 
60.4 
62.8 
62.1 
37.9 

8. 2 
11.6 
11.6 
.oo. 8 
95.1 
96.3 
73.6 
32. 7 
74. 0 
36.1 
18.6 
4.2 
6.9 

29. 6 
07.1 
61.2 
00.3 
93.7 
86.2 
67.9 

"- 

a. 4 

ao. 5 

4.4 
6. E 

11.1 
38.3 

*2. u 
67. U 
57. I I  

67. 4 
25. CJ 
s. 4 
R x 

2. I 
10.6 
39. 8 
34.6 
51.0 
R1.0 
41.0 
25. u 

2. 6 
1u. 5 
0.0 
0.0 
I .  !I 

Ili. i 
14.5 
3;. 2 
38.1 
28.9 
10.9 
86.1 
7.9 
4.4 
0.0 
0.0 
0. 0 

11.7 
39.6 
48.2 
67.0 
67.6 
81. 2 
43.6 
14.3 

5. 9 
30.6 
00. 0 
81). 9 
07. 0 
77.4 
68.6 
64.3 
19.8 
40.6 
19.1 
10.7 
39.4 
60.4 
38.9 
14.6 
99.7 
54.8 
50.9 

u. n 

12.6 

0.8 

il. i 
59.0 
47. u 
!x. s 
1!1. 5 
L1.0 
6.9 
1.5 
4.6 
12.3 
1'3. 6 
18. 6 
PI. 3 
E. 3 
!Y. 4 
!i. 0 
8. u 
4. 7 
0.0 
0.0 
6.1 
3.9 
!i. U 
9. :; 
L3. s 
16.4 
16.6 
il .  7 
17.6 
9.0 
8. 8 
0.4 
0.0 
16.2 
6.6 
IO. 6 
17. 2 
14.7 
17. a 
14.4 
6 . 1  
1.1 
7.6 
4.8 
5. f 
7.4 
3.7 
0.8 
0.8 
9 8  
8.6 
8 .1  
6.3 
1.6 
0.7 
6.9 
0. 4 

1.6 
1. 0 
2.6 

a. 4 

TABLE S.-Stnoothed atcwpot rektiae numbers. 
Revision of hlnrcll, 19E. by Prof. A. Wolfer. - 

.... s. 8 
49.0 
48. u 
32. 1 
12. 3 
8. Y 

10.6 
31.4 
4i. 2 

li'2. , 
Sli. 5 
59.9 
45.8 
37. s 
21.4 
11.2 
36.4 
li7.4 
06. 1 
Ill. 2 
81.9 
67. 8 
35. 6 
41. !I 

7 . 2  
18.5 
87.6 
56.5 
25. 7 
86.9 
69. 1 
5s. i 
2% li 
10.0 
9. 5 
59.8 
2Y. 5 
92.8 
17.9 
92.5 
66. Y 
60. 5 
45.3 
4u. R 
9 . 5  
16.6 

53.2 

- 
81. G 
83.3 
46.2 
48.2 
28. 8 
12. 6 
9. i 

1u. 3 
33.4 
4% 0 
54.8 
6% 0 .w 8 
61.7 
4s. 8 
34.9 
20. 4 
12.1 
38. 9 
io. 7 
u7.3 
nn. u 
81.3 
64. R 
:14. 5 
28. 9 
i. 5 

L!. s 
98.0 
51.8 
24.1 

615. 2 
37.4 

9. 9 
25. 4 
86. 9 
x2.2 
29. 9 
17. 7 
rw. li 
RR. I1 
1%. 0 
46.4 
4n. n 
21.3 
15.7 

8s. n 

.,Q .> 
-a. - 

- 
.... Yo. 2 
64.2 
16.4 
3G. 2 
1.i. 8 
a.4 

11.4 
3. i 
16. 8 
L?c. 1 
i3.3 
i7.5 
;.I. 8 
il. 5 
ui. !I 
!a. 2 
14.4 
?2. Y 
is. 4 
ili. 2 
iu. 9 
in. 1 
i7. fi 
Ili. 1 
LA. ? 
x. 6 
1. 7 
is. 1 
w. 4 
17. 5 
lo. u 
'8. 0 
14.5 
8. 4 
u. A 
5. 5 
4.5 
5. n 
I1.P 
E. 5 
D. 4 
'3. 1 
il. !I 
4. u 
IU. 7 
!8. i 

- 

..... 
92.3 
59. 5 
4s. 3 
36.7 
13.9 
8. 4 

11.3 
23. 8 
47.2 
50.1 
62. 8 
79. 8 
62.5 
A!). 8 
45. 4 
24. 6 
12.8 
26.0 
s i .  4 
91.5 
u:t 3 
$ti. 1 
i5.4 
43. 5 
35. 1 
8.5 

1%. !I 
e3. !I 
51.9 
43. 8 
'JR. 2 
ib. 4 
$2. <I 
2 i .  i 
10.0 
11;. I 
RI. i 
19.2 
40.4 
19. Y 
01.2 
io. 8 
G3.2 
51.4 
4U. 5 
28.2 
19.0 

- 
86.3 
75.4 
47. 5 
44.1 
19. 9 
13.9 
9.4 

14. 1 
40.6 
Hi. 6 
69.6 
66 8 

66. 7 

28.8 
19.0 
15.9 
9 . 7  
75.1 
14.5 
s4.9 
I. 5 
56. 7 
38. 0 
16. 6 
!I. 4 
29.6 
19.6 
52.5 
12.8 
80. 4 
58.8 
35.0 
16. !I 
9.7 

36. 1 
00.9 
38. 0 
27.3 

ia. 8 

F. 3 

87. 8 
72.9 
47. 6 
42.4 
18.3 
12.7 
10. 1 
16.0 
4 . 7  
45.6 
61. 1 
6R. 8 
75.5 
55.3 
48.8 
27.3 
1M. G 
17.2 
4G. 1 
77.2 
12.5 
88.9 
8G.9 
51.3 
38. !I 
13.3 
10.2 
35.6 
38.2 
4% 4 
09.4 
79.2 
55.6 
:s. 2 
15.5 
10.6 
E. 0 
0.1.4 
36.4 
28.3 

1 4 2  11.7 
59.4 77.8 
64.5 ' 64.0 
57.0 ~ 56. 2 

36.2 34.7 
20.8 20.9 
11.6 I 9.9 

42.6 141.7 

41.5 
71.5 
11. 9 
91. 1 
.SA. !I 
1%. 1 
35. li 
24.4 

R. !I 
22.8 
Mi. 6 
51. 5 
In. 4 
.%. 2 
63. R 
36.3 
20.8 
9. 6 

2s. 3 
93. 4 
3.9 . 3 
?n. 7 
17.3 
84. 6 
65. 4 
59.5 
4.5. 5 
3s. 9 
20. G 
14.6 

~ 43.1 
7'3. 1 

115.8 
86.7 
90.1 
5s. 3 
37. a 
19.8 
9. 2 

'25.2 
113. R 
158.4 
115.7 
is(. 4 
60. 6 
1.0 
1s. 3 
9.5 

31.6 
97.5 

136.6 
127. 6 
116.4 
41.0 
65. 1 
5% 8 
44.3 
37.6 
3u. 1 
13.3 

WJ. 2 
i5.9 
cis. 4 
55.1 
41.4 
32 7 
20.1 
9.6 

23-3 
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F I ~ .  2.-Sun-spot relative numbers. 
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FIG. 3.--Smi-spot relative numbers. 
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-. - 

$ 
2 - 

ti. 5 
4. 6 
li. 9 

15.2 
:o. , 
u. 1 
*I. u 
4;. 8 
$2.5 
5 . 3  
11. G 

1.6 
3. 1 
u. I1 
1.7 
4.5 

I?. 1 
15.5 
35.1 
41;. 1 
39. 8 
30. 0 
93.4 
16. 6 
6. 6 
4.0 
2. 6 
8. 3 

16.:I 

TABLE 2-Smoothed aun-mot re.l&izre wmbera-Gontinned. 

5 
1 
2 
5 
1 
2 
2 
2 
1 
3 
2 
? 
2 

T A B L E  3.-Epoche of ectn-qot mflxhin and minimn. 

Miuirna. I Weight. 1 Maxiiua. I Weight. )I Miuiiua. 1 Weight. I Maxima. I Weight. 

- 

1615.5 
1liSG. 0 
1639.5 
164!l. 0 
1660.0 
lli75.0 
3&.5. u 
l l i l .  0 
1ia5.5 
li18.2 
155.5  
17:s. i 
1750.3 

2 
5 
2 
1 
1 
2 
2 
1 
4 
6 

- 

& 

2 E - 
8.0 
3.8 
7.8 
8.8 

26.6 
q2.s 
41.7 
44.0 
49.2 
33.2 
17.6 
G4 
6.1 
0.0 
0.6 
2.9 
8.6 

15.2 
24.8 
$3.4 
44.5 
33. 1 
23.9 
21.2 
7.8 
6.4 
0.2 
6.3 

14.0 
26.3 
47. 1 
62.6 
63.2 
65.8 

36.6 
11. 5 

5. 8 
31.9 
03.9 
45.8 
16.7 <w. 8 
76.6 
46.7 
2s. 4 
17.4 
12. 9 
30.7 
50. 6 
69. 8 
31. ti 
10.9 
i4.0 
66.3 
59. u 
45.0 
25.6 
12.9 
3. G 

11.7 
41.7 
82. G 
97. 9 
85. 8 
66.7 
49. ti 
46.0 
37.2 
21.0 
5. 4 

21.5 
64. 6 
1G. 2 
29.3 
9s. 3 
85.2 
51.5 
25.5 
11.6 
12.6 
6.0 
3.2 

19.8 
49.7 
58.4 
59.0 
il. 7 
57.4 
31.3 
13. 0 
8.6 
fi. 6 
5.0 

24. 5 
02.0 
i!t. i 
86.2 
65.2 
49. 6 
32.0 
25. 6 
19.4 
10.5 
4.4 

rn. 4 

- 

1555.2 
lilj6.5 
1775.5 
1784.7 
1i!)8.3 
181U.6 
1 w .  :: 
lS3 .9  
1R43.5 
1856.0 

_. 

d e 
A - 
7.7 
3.5 
7.5 

10.1 
28.3 
44.1 
40.8 
416 
48.8 
31.7 
16.3 
6.5 
5.3 
0.0 
0.7 
3.7 
8.7 

14.6 
27. 6 
40. 1 
45.0 
32. 1 
23.2 
20.8 
6.9 
6.1 
0. 1 
7.2 
14.8 
27. 1 
49. u 
63.6 
63.4 
65.1 
59.6 
88.4 
11. i 
7.7 

37.9 
05. 7 
-16.9 
13. 5 
s. 4 
i l .  1 
44.3 
24. 1 
16.2 
13. 5 
31.9 
M 8 
75. 6 
28. 7 
O i .  7 
73. i 
65.4 
5i. 0 
45. ? 
23. 7 
11.4 
3.9 

13.7 

85.9 
97.0 
84.5 
ti5.3 
47. 1 
46. G 
36." 
19.4 
5.2 

24.2 
op. 0 
121.6 
195. 1 
PJ. 0 
SI. 4 
50.4 
22.6 
11.7 
12. 7 
5.3 
3.7 

23.9 
49.6 
57.9 
59.0 
72. 4 
56.2 
32.2 
12.6 
7.9 
7.2 
5.0 

2G. 0 
GI.  2 
81. 5 
84.2 
64. ?I 
w. 0 
31.2 
25. 4 
17. 1 
10. fi 
3.9 

u. n 

-_ 

1761.5 
liG9.i 
I7i8.4 
1788.1 
1so5.4 
1816.4 
1829.9 
1837.2 
184s. 1 
lri60.1 
18in. 6 
lr(83.9 
I8W. 1 

- 

5 z - 
G. 7 
3.2 
7.3 

11.5 
32. 1 
4.5. 1 
$2.5 
46. 1 
44.9 
30.0 

6. S 
4. 0 

1.3 
3. Y 

11.5 
13.5 
30. i 
4s. 7 
41.6 
31.4 
23. u 
18.1 
7.5 
4.2 
0. 1 

1u. 2 
14.3 
31.3 
51.2 
62. 1 
65.8 

53. s 
28.9 
10. 3 
10.2 .w. 4 
09.9 
45.2 
us. 6 
87.5 
fi4. ti 
3Y. 5 
25. 1 
12. u 
14. G 
3.5. 7 
1%. 1 
91. 5 
21. 1 
111. i 
il. 5 
GJ. i 
3;. ? 
41. !I 
2u. s 
9. ? 
3. ii 

19.3 
51.5 
I J .  8 
94.4 
80.3 
ti?. 5 
44.5 
47. 2 w. '3 
17. !I 

31. 1 

io. 1 
34.0 
16. 3 
01.9 
71.5 
47. 4 
19.2 
11.8 
12.6 
4.0 
5.0 

29.7 
51.8 
58. $1 
Go. !I 
65.8 
54. 4 
27.5 
12. 1 

7 . 8  
6. 7 
G. G 

3!!. 2 
1%. 1 
n3.3 
81.6 
e3.5 

27.5 
13. 2 
10.4 
2. R 

13. n 

n. 0 

lis. a 

s. 2 

2: ; 

- 

7 
8 
6 
4 
6 
8 

10 
10 
10 
10 

' 10 
10 
1U 

1797 ... 
17 98... 
17 99... 
lsoo... 
1801 ... 
1802... 
1803... 
1m ... 
1806... 
1807 ... 
18 O S . . .  
1Ro9... 
1810 ... 
1812 ... 
1813 ... 
1814 ... 
1815 ... 
1816 ... 
1817 ... 
I81 8 . . .  
1819 ... 
1820 ... 
3821 ... 
I822 ... 
1823 ... 
1824 ... 
18 %... 
18 %... 
1827 ... 
lS28 ... 
IS? ... 
1830. .. 
1031 ... 
1&32 ... 18x3 ... 
1834 ... 
18%5... 
I = . . .  
1837 ... 
1838 ... 
1839... 
1340 ... 
1841 ... 
1842 ... 
1M3... 
IRW... 
JW... 
1846 ... 
1Mi ... 
ISM. . .  
1M9 ... 
1850. .. 
1 6 2 . . .  
I = . . .  
I P S . . .  
18.55 ... 
1856... 
1857 ... 
1 8 I  ... 
1%59... 
lM... 
lea . . .  
1862 ... 
1$63... 

lMj5 ... 
l%ti ... 
1867 ... 
INS. .. 
1RG9... 
1870 ... 
1R71 ... 
1x7" ... 
1813 ... 
1874 ... 
1875. .. 
1876 ... 
1877 ... 
1R78 ... 
1879 ... 
IRsO... 
lR8l ... 
18R2 ... 
1883 ... 
1884 ... 
l a 5  ... 
1RR6 ... 
1887 ... 
1 8 1 .  .. 
18R9 ... 
18 w... 
1891 ... 
l R ! E  ... 
1R93 ... 
1R94... 
1R95 ... 
189fi... 
1R9i... 
18 M.. .  
1899 ... 
1900. .. 
1901 ... 

is05 ... 

1811 ... 

11x51 ... 

ism ... 

8.8 
4.1 
7.8 
7.2 

25.2 
41.8 
42.4 
44.3 

34.2 
1R.9 
6.8 
6.1 
0.1 

2.5 
8.1 

15.4 
23.2 
47.3 
43.2 
316  
210 
21.7 
9.5 
6.3 
0.6 
6.3 

11.7 
24.9 
46.9 
61.2 
61.6 
68.9 
60.2 
39.8 
12.1 
7 . 8  

27.5 
99.5 

142.7 
121.3 
79.6 
8o.i 
48.7 
26. 6 
18.1 
11.9 
29.9 
49.0 
66.0 

128.3 
l l G .  5 
75.6 

59.5 
44.3 
.a2 
14.2 
3.3 

10.5 
38. ti 
78.9 
97.2 
w.1 
65.7 
51.9 

39.1 
22.R 
6.9 

19.3 
fi1.4 

110. u 
132.3 
98.9 
87.8 
51.8 
29.8 
11.7 
13.1 
6.6 
2.5 

17.7 
47.0 
60.4 
57.3 
72. 4 
57.1 
37.2 
13.1 
10.3 
5.6 
5.5 

20.5 
S8.4 
78.0 
87.9 
tii. i 
51.5 
32.9 
?G.O 
20.4 
l u . i  
4.8 

4s.9 

a 3  

60.6 

u. 8 

1545.0 
li55.2 
1766.5 
l i i 5 . 5  
1 i M . i  
1795. B 
1810. 6 
1R23.3 
153x9 
1.s43.5 
IS.%. u 
117 .2  
1858. :I 
1885.6 

1750.3 
1761.5 
lifi9.i 
1578.4 
liS8.1 
1slE. 2 
181G. 4 
1S:fB. :; lsl.d 
1818.1 
18li0. 1 
1RiO.  G 
18S:l. 9 
l?c94.1 

I'rcir,v. 
6.3 
ti. 4 
3.2 
2. Q 
4.4 
6. 9 
5. 8 

3.4 
4. ti 
4.1 

6.0 
4.5 

G. t j  

3.4 

l>flrs. 
4. !I 
5.0 
5.8 
ti. 3 

10.2 
5.4 
1;. 9 

6.3 
7.9 
1. 1 
n. 3 
5. i 

$7.4 

4. n 

451. Ii 
5:s. 0 
til5 8 
.w. 9 
281. G 

3%. , 
mi. n 
G91. 8 
548. 7 
617.3 

*45*.8 

238.2 

382. 8 

I'rtc i-s. .................... 
11.3 

, 9.0 
9.2 

14. 6 
12.3 
12. 7 
IO. n 
!I. B 

11.- 
1 l . i  

$11.9 

12.5 

IO. i 

1.0s 
1. 21; 
0.55 
0.41; 
0.83 

83 
HI1 

1114 
151 
133 

- 

2 * 
i: 
4 

c 
; - 
5.5 
6.5 
5.4 

22. 8 
39. 6 
*I. 2 
45.7 
47. 9 
46.8 
21.5 
6. s 
7. !I 
(1. 4 
u. u 
2. 6 
G. 4 

15. 1 
I i . 9  
41;. i 

34.4 25.3 
93. i 
l?. 1 
5.5 
1. .I 
li. 2 
8. ti 

21.4 
44.7 
55.9 
64.0 
71.5 
63. !I 

15. I 
7. 3 

21. R 
86. i 
38.0 
2 i .  S 
87. 4 
81. 5 
49. 4 
3'2. 1 
19. 3 
12. 3 
25. 5 
45.0 
63.4 
20.3 
23.5 
79. u 
65.2 
Ijn. 9 
45. ti 
31.4 
11;. !I 
5. ti 
i. R 

34. :: 
51. i 
93. Y 
9:3. Ij 
lii. 9 
si.  ti 
43. u 
$2. 5 
25. 9 
i. R 

14. n 
%I. 5 
01.7 
4s. 5 
!IS. n 
Y i .  4 
52 4 

13. I 
11.8 
8.0 
2.4 

13. i 
41. 6 
e2.2 
-51. G 
74.2 
1. G 
45. " 
14.7 
12.4 
s. li 
5. i 

13. 1 
33. 5 
ili. 4 
85. 6 
73. 8 
55. 1 
s i .  1 
25. ti 
21. 1 
11.3 
5. 9 

44. n 

41.2 

3.4.2 

.... 
__ 

__ 
L. 

E 
s 

2 
0 

- 
4. i 
7 . 3  
5.9 
24. :i 
.Io. 7 
42. 8 
A=.. 2 
4% 3 
45. 2 

7. u 
i. 2 
11. 4 

2.5 
i. 0 

15.3 
19. 8 
47.6 
$2.8 
35. 6 
23. !I 
23. 1 
10. 6 
5. n 
1. ? 
ti. 3 
9. s 

23.0 
46. 5 
59. (1 
61.1 
i 1 . 8  
til. 4 
41.4 
13. 5 
i. 4 

24. :: 
91. 3 
49. 4 
21;. ? 
e2.2 
81. n 
4!I. i 
2s. !I 
1s. i 
11. i 
28. 4 
46.9 
64.9 
.?S. 0 
.2u. 8 

67. u 
5% 9 
44.5 
31. 1 
15. ti 
3.2 
9. :i 

31;. I1 
Irl. 5 
95. 4 w. ti 
tis. 1 
55. 4 
43. 2 
41.3 

G. I 

li. 1 
51;. $1 
105. R 
145. 4 
!I*. 0 
ir!. 2 
32. u 
32. 7 
12.5 
13. 0 
i. 1 
2.2 

15. 8 
-43.6 
8'2.4 
54. 5 
i 4 .  G 
55. 2 
41.1 
13. 8 
11. A 
5. a 
5.6 
IG. 5 
51;. 5 
I I .  (I 
SG. 7 
71.3  
32. 5 
35. 2 
! t i  X 

zn. 2 

u. n 

-- - 
I , .  I 
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ULTMATOLOGY OF COSTA RICA. 
C~imn~onicatecl by H. PITTIER. Dirertnr, Physical Geographic Institote. 

[For tahles see page 204.1 

Ni&s o ) t  tAr rtwtlrw.-On the Pacific slope the weather was 
hot and sultry. with occasional showers but no proper begin- 
Ding of the raiug season, although the average rainfall was 
generally above the normal. In  San Jose the pressure was 
slightly below noiiiial; the nights were hot and oppressive 
incl the days rather cool and dainp. The sunshine was much 
below normal (154 against 205 hours). On the Atlantic slope 
the rainfall was heavy and continuous, cniising great damage 
to cacao growers. 

Notm o)# m,.tAllrtrrX.rx.-Ai)ril 10, llb 8"' 1). m., slight but strong 
hock, E-TV, duration 7 seconds, intensity IT. April 13, 10: 
54"' 11. m., prolonged tremors, ENE-TYSW, duration 23 sec- 
mds, intensity IV. The severe earthquakes which were felt 
Ibetween April 15 and 82 in Chiatemala, Honduras, and Sal- 
~wlor. the center of the disturlled region apparently being in 
the Altos of Guatemala, where Quezaltenango was almost en- 
;irelg ruined, do not seem to have reached the southern part 
If Central America. 

- 
HAWAIIAN ULIMATOLOGICAL DATA. 

By CURTIS J. LYONS, Territorial Meteorologist. 
GENERAL SUMMARY FOR APRIL, 1902. 

The water in artesian wells rose during the month from 34.05 
io 34.10 feet aliove mean sea level. The average claily mean 
lea level for the month was 9.75 feet, 10.00 representing the 
tssumed annual mean. 

Trade wind clays, 24 (8 of north-northeast); normal, 20; 
tvernge force of wind (duiing daylight), Beaufort scale, 9.6; 
:lowliness, tenths of sky, 4.1; normal, tenths of sky, 5.1. 

Approsimate percentages of district rainfall as compared 
with noriiial: Hilo, 80; Hamskiin, 100; Kohala, 120; Waimea, 


